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6 127 8.2). The testicular tissue was finely minced and incubated in a dissociating solution 128 containing 0.5% trypsin (pH 8.2; Worthington Biochemical Corp., Lakewood, NJ), 5% fetal 129 bovine serum (JRH Biosciences, Lenexa, KS), and 1mmol L −1 Ca 2+ in PBS (pH 8.2) for 2 h at 130 22°C. The dispersed testicular cells were sieved through a nylon screen (mesh size 50 µm) to 131 eliminate the non dissociated cell clumps; suspended in discontinuous percoll Aldrich, St. Louis, MO, USA) gradients of 50%, 25%, and 12%; and centrifuged at 200 ×g 133 for 20 min at 20°C [8] . The phase containing predominantly spermatogonial cells 134 (determined during preliminary trials which involved cell size measurement) was harvested, 135 and the cells were subjected to rinsing as well as a cell viability test through the trypan blue 136 (0.4% w/v) exclusion assay. The cells were then exposed to the PKH-26 Cell Linker Aldrich, St.Louis, MO, USA) at a concentration of 8 µmol/mL (room temperature, 10 min) to 138 label the cells for tracking their behaviour inside the senescent (recipient) C. auratus gonads. 139 The staining procedure was stopped by the addition of an equal volume of heat-inactivated transplantation to facilitate visualisation of the cell suspension inside the needle and inside 153 the gonads after injection. The genital papilla region was topically treated with 10% isodine 154 solution and the fish were resuscitated in clean water. 156 The fate of donor cells after therapy was analysed through fluorescent microscopy at 157 6 and 12 weeks after injection. Hence, the testes from the five animals chosen randomly 158 during each sampling were removed, washed in PBS (pH 8.2), macroscopically examined for 159 the degree of dispersion of the cell suspension (Fig. 2) , and immediately frozen in liquid 160 nitrogen. Cryostat (Leica CM 1500, Germany) sections of 8-µm thickness were cut from 161 representative portions of these testes and observed under a fluorescent microscope (Nikon 162 Eclipse E600, Tokyo, Japan) for detecting the presence of PKH-26-labelled donor cells.
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Analysis of donor cells Post therapy
163
The fate of the donor cells was then examined by measuring the gonado-somatic 164 index (GSI; n = 5) and sperm density at 6 months after therapy. On each occasion, 10-30 μL 165 of sperm was collected from each of the 25 therapy-treated males and 5 control males. Sperm 166 was manually stripped by gently applying abdominal pressure after careful removal of urine 167 and wiping the genital papilla. The sperm samples (10 μL) were then diluted 1,000 times with 168 PBS and the density of spermatozoa was counted using a haemocytometer (Kayagaki Irika 169 Kogyo Co., Ltd., Tokyo, Japan) under a microscope. Some of the spreads of sperm used for 170 counting were also observed under the fluorescent microscope for the detection of PKH-26-171 labelled cells.
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Sperm and blood samples were collected at 18 months from the spermatogonia cell 
216
Fate of Transplanted Cells in Senescent Testes
217
The transplanted donor spermatogonial cells were found randomly distributed 218 throughout the spermatogenic lobules in all the five senescent males examined 6 weeks after 219 the therapy. At 12 weeks after the therapy, the donor spermatogonial stem cells had reached 220 the blind end of the lobules (cortical region of the testis; Fig. 6A -D) and had undergone 221 proliferation to form a network along the testicular lobule; this stage was observed in all the 222 sampled fish (n=5; Fig. 6E ). At 6 months after the therapy, the sperm could be collected by 223 applying gentle pressure on abdomen in all the 25 senescent C. auratus males (Fig. 6F ). The 224 sperm density, which was not detectable before the therapy in the senescent C. auratus males, 225 significantly increased after the therapy and was comparable with that of sexually mature 226 control males (Fig. 7) . In the present study, donor spermatogonial cells harvested from prepubertal C. 246 auratus testes were successfully used for restoring the reproductive competence of senescent considerably more severe than that previously reported in other fish species.
272
Regardless of the differences between sterile (natural or experimentally induced) and compatible with the gonadal environment of the senescent C. auratus males. Moreover, the 302 progeny produced using the spermatozoa derived from therapy-treated C. auratus males 303 exhibited a similar growth pattern to that of the progeny produced from the control animals 304 (data not shown). These observations suggest that the reproductive competence of senescent 305 C. auratus males could be successfully revitalised using spermatogonial cell therapy.
306
Currently, we are examining the feasibility of the cell-therapy approach in revitalising the 307 reproductive competence of female fish.
308
In conclusion, the most remarkable achievement of this study is the production of 309 functional spermatozoa from senescent C. auratus males, after spermatogonial cells derived 310 from the prepubertal C. auratus donor were transplanted into the testes of the senescent males 311 through the genital papilla. This approach, which to the best of the author's knowledge has 312 been validated for the first time in fish in this study, is a method to generate functional 313 gametes for additional years after attainment of senility. This is a crucial development in the 314 breeding of rare and/or commercially valuable fish species that are developed as brooders and 315 require sizeable investments in terms of feed and health care. Such fish species are used for 316 only a few years by the hatcheries for seed production and are invariably discarded when they 317 lose their reproductive competence because of age.
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